Salvia divinorum is a member of the mint family that is growing in popularity in the United States and many other countries as a hallucinogenic drug. Because of this, numerous studies have been conducted in identifying the plant material. Some of the most common methods include UV/Vis, TLC, and GC/MS. This article discusses these methods, as well as two other common identification methods proven to be ineffective towards salvia. An extraction method is also discussed.
INTRODUCTION
The plant Salvia divinorum, more commonly known as salvia, has recently gained popularity in the United States. It is a perennial herb in the mint family found in certain areas of Oaxaca, Mexico [1] . Its popularity is due to its hallucinogenic effects, which are attributed to the chemical Salvinorin A found in the plant. The chemical structure of salvinorin A can be seen in Figure 1 .
Salvia is often compared to cannabis due to its similar effects, which include perceptions of bright light, vivid colors and shapes, body and object distortions, dysphoria, uncontrolled laughter, a sense of loss of body, overlapping realities, hallucinations, incoordination, dizziness, and slurred speech [1] .
Currently, salvia is not controlled under the Federal Controlled Substances Act; however, in the United States, there have been thirteen different states that have enacted legislation placing regulatory controls on Salvia divinorum and/or salvinorin A [1] . Nine of those states have placed the plant into schedule I of state law, and the other four states have made forms of legislation restricting the distribution of the plant.
II. PHARMACOLOGY
Salvia is typically either chewed or smoked. When chewed, the leaf mass and juice are maintained within the cheek area with absorption occurring across the lining of the oral mucosa. The effects appear within five to ten minutes [1] . When smoked, dried leaves and/or extract-enhanced leaves alleged to be enriched with salvinorin A are used. When smoking pure salvinorin A, at a dose of 200-500 micrograms, the effects can be seen within 30 seconds and lasts about a half hour [1] . There is no known medical use for salvia at this time.
Salvinorin A is a neoclerodane diterpene found primarily in the leaves, and to a lesser extent in the stems [1] . Many other substances have been extracted from salvia, including salvinorin B and C; however, they have not been proven to produce hallucinogenic effects.
Other scientific studies show that salvinorin A is a potent and selective kappa opioid receptor agonist, similar to certain other hallucinogenic drugs; however, salvinorin A does not activate the serotonin 2A receptor, which mediates the effects of other schedule I hallucinogens [1] .
III. PRELIMINARY TESTS
Salvia is often compared to cannabis; however, considering microscopy, there are many differences, which can be seen in Table 1 .
In forensics, cannabis can be easily identified from its leaves. The upper part of the leaf is dark green in color and contains sparse hairs; the lower portion of the leaf is paler in color and is more densely hairy [2] . No other plant has leaves similar to cannabis. Salvia is a very common-looking plant. It has no outstanding characteristics that separate its looks from other plants. This is why microscopy is not used to identify salvia.
Color tests also show differences between salvia and cannabis. Many forensic scientists use the Duquenois-Levine test to test for cannabis. The DuquenoisLevine test can be made by adding 2.5ml of acetaldehyde and 2.0 g of vanillin to 100ml of 95% ethanol. This test then requires 1ml of this solution to be mixed with cannabis and shaken for one minute. One milliliter of concentrated hydrochloric acid is added and the solution is agitated gently. Three milliliters of chloroform are added, and the color produced for a positive I.D. of cannabis is a deep purple [3] . This test, like many other color tests, does not give a unique color when performed on salvia. There is currently no known color test that can be used to identify salvia.
The only preliminary test that does shed some light on whether or not a substance contains salvinorin A is UV/Vis. This test is a fast and easy way to initially screen for salvinorin A, which will absorb light at 210nm [4] . 
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V. THIN LAYER CHROMATOGRAPHY
Thin layer chromatography (TLC) is also an important test used in forensics. It can be used to separate solutions or to confirm an unknown with a known by looking at the R f values. When working with actual plant material, one study has shown that salvinorins can be found in the trichomes of the abaxial, young leaves; however, the roots, internal stem tissue, cotyledons, and corolla do not contain salvinorins [5] . This study was done on a silica gel plate, which was developed in ethyl acetate/hexanes (1:1). After the solution ran up the plate, the terpenes were visualized by spraying the plates with a vanillin reagent (50ml ethanol, 0.3ml sulfuric acid, and 1g vanillin). This was then heated at 110°C, where pinkishpurple spots were formed on the plate [5] . This method can also be used with tetrahydrocannabinol (THC) and cannabinol, both of which have different R f values than salvinorin A. This is important, because TLC can be used to identify whether or not 
VI. GAS CHROMATOGRAPHY-MASS SPRECTROMETRY
Gas chromatography-mass spectrometry, or GC-MS, is a very useful tool in drug identification. GC-MS is one of the most common instruments used in forensic drug detection due to its ease of use and reproducibility. The GC part separates the sample into its individual compounds, and the MS part analyzes each compound. The mass spectrum is obtained by ionizing each compound to create fragments, which are then measured by their mass-to-charge ratios. The mass spectrum of a compound is unique to that particular compound. Forensic scientists identify unknown samples by comparing the mass spectrum of the unknown sample to a known drug's mass spectrum. The mass spectrum of salvinorin A can be seen in Figure 3 .
When using GC-MS in identifying salvia, different organic solvents can be used, the most common being methanol and chloroform.
Often times, the active constituent, salvinorin A, is not the only peak that shows up. Other peaks may include salvinorin B, salvinorin C, and different pigments, depending on how long the plant material remains in the solvent.
An important note about using GC alone is that some compounds may have similar retention times as other compounds. This is why many scientists often couple GC with MS; MS is a confirmatory test.
Because salvinorin A must be extracted from salvia, GC-MS has a low sensitivity when detecting salvinorin A. This leads forensic scientists to create methods that utilize a splitless injector, in hopes of making the peaks from the sample stronger. One such method was done on an Agilent Technologies 6890N instrument, equipped with an autosampler and 5793 mass spectrometric detector. This method was run on a Restek 5Ms column (30m x 0.25mm).
The injector volume was a splitless 1µL and the injector temperature was 250°C. The temperature gradient was 40-300°C over 15min then held at 300°C for 12 min [6] . This method was in fact able to identify salvinorin A; however it was very weak, due to the reasons mentioned above.
VII. CONCLUSION
The use of Salvia divinorum is on the rise, due to its legal status in many states, ease of use, and hallucinogenic properties. Salvia is most popular with young adults, years 18 to 25, with more common use in males than females [1] . Salvia has no approved medical use in the US, and therefore, is currently being closely monitored with a possibility to place it in schedule 1 by the Drug Enforcement Administration. Known uses of detection include UV/Vis, TLC, and GC/MS. More needs to be known about Salvia divinorum, and more studies should be conducted both in the medical field and in forensic detection. Olivet Nazerene University ♦ Bourbonnais, Illinois-just 50 minutes south of Chicago's Loop Education with a Christian Purpose. Since 1907, Olivet Nazarene University has made this more than a motto, but a mission. At Olivet, considered one of the nation's premier Christian colleges, faith is at the heart of superior academics, athletics, social atmosphere and ministry opportunities.
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